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REMARKS 



Upon entry of this preliminary amendment, claim 1 is pending in the application. 

Applicants have amended claim 1 and have canceled claims 2-5. In addition, 
Applicants have added new Figures 3 and 4. 

Applicants have made changes to the specification to account for the addition of new 
Figures 3 and 4. In light of the number of changes being made to the specification. 
Applicants are submitting herewith a substitute specification. Applicants' undersigned 
representative has been advised that the substitute specification does not introduce any new 
matter. Nevertheless, the Examiner should review the changes to the specification and make 
an independent determination regarding the nature of the changes to the specification. In 
accordance with 37 C.F.R. § 1.125, Applicants are also submitting herewith a marked-up 
version of the original specification that shows the changes being made thereto. 

Applicants respectfully request examination on the merits for claim 1 . In the event a 
telephone conversation would expedite the prosecution of this application, the Examiner may 
reach the undersigned at (408) 749-6902. 

If any additional fees are due in connection v\dth the filing of this paper, then the 
Commissioner is authorized to charge such fees to Deposit Account No. 50-0805 (Order No. 
ASIAP123). 



Respectfully submitted, 
MARTINE & PENILLA, L.L.P. 
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TIRE HAVING TREAD STRUCTURE FOR IMPROVING STATIC DISCHARGING 

PROPERTY 

Technical Field 

The present invention relates to a tread structure of 
tires, and more particularly, to a tread structure, which 
easily discharges static electricity generated within a tire 
containing a great amount of silica. 

Background Art 

Recently, as the development of low fuel consumption tire 
is accelerated, the amount of silica used in preparing a tire 
is gradually increased and also the ratio of silica to carbon 
black is increased. Tire causes static electricity therein by 
friction with a road surface upon tire running. This generated 
static electricity is hardly discharged to the outside of cars, 
so that it gives a passenger unpleasant feelings by an 
electric shock when he or she gets in or off a car. 
Furthermore, the static electricity generated. by friction with 
the road surface generates electromagnetic waves while flowing 
through conductive portions of the cars, so that it adversely 
affects delicate portions of the cars, including a car engine, 
etc . 

Generally, in case of a tread containing carbon black, it 
has a volume resistivity of less than 10^ Q-cm, whereas in case 
of a tread containing 100% by weight of silica, it has an 
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electric resistance of 10^ to lO"'''^ Q-cm or above and thus no a 
conductivity. 

In order to solve these electrostatic problems caused by 
the friction in the tire, a conductive cover strip is applied 
to the tire, or a certain amount of carbon black is compounded 
with a rubber compound, so that the silica rubber compound as 

an insulator 4r3 rcndorcd — conductive renders conductivity . 

However, in the case where carbon black is applied to the tire 
so as to ensure conductivity of the tire, there is a problem 
in that specific resistance of a tread is decreased, but a low 
fuel consumption property of the silica-containing tire is 
remarkably deteriorated. Furthermore, another problem is that 
the reinforcement of polymer with the conductive carbon black 
is very low, so that abrasion resistance of the tire can be 
deteriorated. 

Also, in case of a method where water base cements mixed 
with the conductive carbon black is coated on the rubber 
surface of a tread cap layer, there is a disadvantage in that 
workability is decreased due to very low adhesion of the 
cement- Furthermore, due to a problem associated with the 
storage of the cement itself, there is a disadvantage in that 
the coated cement may be detached or be a pollution source of 
a mold during vulcanization. In particular, during the 
vulcanization, adhesion at the interface between the rubber of 
the tread cap layer and the rubber coated on the water base 
cement is decreased, and hence, when tire running, detachment 
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at the interface occurs, and at the end of the tire running 
period, a conductive passage at the interface is broken, so 
that there is no antistatic effect. 

In addition, there is another method where a conductive 
spray is applied to a tire. However, this method maintains 
electric discharge up to a certain level of abrasion of the 
tire, whereas it cannot provide the conductive passage, i.e., 
the electric discharge passage after complctQ the abrasion of 
the tire is completed . 

Disclosure of Invention 

Therefore, the present invention has been made in view of 
the above problems, and it is an object of the present 
invention to provide a tire where a tread structure is 
modified without deteriorating abrasion resistance or low fuel 
consumption of the tire in such a manner that the tread 
structure has a electric discharge passage, by which 
frictional static electricity generated within the tire is 
discharged to the outside of the tire. 

To accomplish the above object, the present invention provides 
a tire having a tread structure comprising a cap tread forming 
the circumferential surface of the tire and an under tread 
disposed on the inner surface of the cap tread, in which the 
tread structure includes a band-shaped electric discharge 
passage, which is extended from the under tread to the outer 
surface of the cap tread while being exposed to the outside of 
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the tire through the outer surface of the cap tread. 

The tire of present invention has an excellent 
conductivity without decreasing physical properties of the 
tire tread. 

Brief Description of the Drawings 

Further objects and advantages of the invention will be 
more fully understood from the following detailed description 
taken in conjunction with the accompanying drawings in which: 

FIG. 1 is a partial cross-sectional view illustrating a 
tire having a tread structure with improved electrostatic 
discharge properties according to an embodiment of the present 
invention; 

FIG. 2 is a partial cross-sectional view illustrating a 
tire having a tread structure with improved electrostatic 
discharge properties according to another embodiment of the 
present invention [.]_£_ 

FIG. 3 is a bottom view illustrating a tire having a 
tread structure with improved electrostatic discharge 
properties according to still another embodiment of the 
present invention; and 

FIG. 4 is a perspective view illustrating a portion of a 
tire having a tread structure with improved electrostatic 
discharge properties according to still another embodiment of 
the present invention. 
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Best Mode for Carrying Out the Invention 

A tread structure of a tire according to the present 
invention will now be described in detail in connection with 
preferred embodiments with reference to the accompanying 
drawings. For reference, like reference characters designate 
corresponding parts throughout several views . 

FIG. 1 is a partial cross-sectional view illustrating a 
tire having a tread structure with improved electrostatic 
discharge properties according to an embodiment of the present 
invention 

Referring to FIG. 1, the tread structure of a tire 
includes a cap tread 10 forming the circumferential surface of 
the tire, and an under tread 20. The under tread 20 is 
disposed below the cap tread 10 in such a manner that it is in 
contact with the inner surface of the cap tread 10 and 
connected to the inside of the tire. 

As shown in FIG. 1, an electric discharge passage 30 is 
preferably made of the same material as the under tread 20. 
Also, the discharge passage 30 is formed in a band shape to be 
connected to the outer surface of the tread structure. Namely, 
the discharge passage 30 is extended from the inner surface of 
the under tread 20 to the outer surface of the cap tread 10 
such that it is exposed to the outside of the tire and thus 
can be in contact with the ground. 

A rubber composition for forming the cap tread 10 
preferably contains silica at the amount of more than 50 
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(part — ^e^e — hundred — rubber) wt% relative to the weight of the 
rubber composition or at the amount of 70% by weight relative 
to the total weight of fillers. The rubber composition, which 
is an insulator having an electric resistance of 10^ to 10^^ Q- 
cm or above, cannot discharge any static electricity generated 
in a car body to the ground. The rubber composition for 
forming the cap tread 10 is not limited to the rubber 
composition containing silica. For example, solution- 

polymerized styrene-butadiene rubber, emulsion-polymerized 
styrene-butadiene rubber, butadiene — rubber or natural rubber 
alone, or a mixture thereof may be used in the rubber 
composition, to which a great amount of silica as a filler is 
compounded. Other known compounding materials used in 

conventional rubber compounds, including vulcanizing agents, 
vulcanization accelerators , vulcanization accelerating 
assistants, softening agents, antioxidants, etc., may also be 
used in the rubber composition. 

Meanwhile, a rubber composition for forming the under 
tread 20 preferably contains And, — a great amount — to 100% up to 
100 by weight of carbon black (C/B) , and the discharge passage 
30 is also preferably formed of the same rubber composition as 
the under tread 20. The rubber composition for forming the 
discharge passage 30 has an electric resistance of less than 
10® Q-cm, so that it can easily discharge frictional static 
electricity generated at the inside of the tread. 

In other words, in the tire having the tread structure 
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with an improved static-discharging property according to the 
present invention, the rubber composition of the outermost cap 
tread 10 forming the circumferential surface of the tire has a 
high silica content to make rotational resistance and brake 
force of the tire excellent. At the same time, the rubber 
composition of the under tread 20 has a high carbon black 
content such that frictional static electricity generated 
within the cap tread 10 of the tire is collected in the under 
tread 20 and then discharged through the discharge passage 30 
to the outside of the tire. Also, a portion of the under tread 
20 is extended from the bottom to surface of a tread structure 
in a given form so that fractional static electricity 
generated within the tire can be discharged to the tread 
surface and the ground. 

High electric resistance according to the high silica 
content of the cap tread 10 is over came overcome by the under 
tread 20, so that static electricity is easily discharged to 
the outside of the tire through the discharge passage 30 while 
the tire with an advantage of low fuel consumption is obtained. 
Aft The inclined angle of the discharge passage 30 extended 
from the under tread 20 to the outer surface of the cap tread 
20-^rS' must preferably be 90° to 180°. 

^^i€ — 3 — i-s — a — partial — crooo ' Qcctional — viov^y — illuotrating — a — tiro 
having — a — tread — otructuro vjith — improved — oloctrootatic — diochargo 
propcrtico — according — tre — another — embodiment — a# — fei^e — prcocnt 
invention . 
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Unlike the embodiment of FIG. — iry — in the tire ohown in FIG. 

5-7 — more — than — efte — diochargo — paooage — 3-0 — is — formed;. se — that 

f rictional — Qtatic — electricity — collected — ift — fetee — under — tread — 3-0- 

eaft — fee — more — efficiently — diocharged — fee — the ground. Aloo^ — the^ 

diocharge — paooage — 3-9 — ee^ — fee — formed — i^i — a — center — e^e — both — oidco 
e# — fefee — tread — according — fee — a — groove — ohape — e^ — a — tread pattern^ 
eftd — oerially — diopooed — along — a — running — direction — — fei^e — tire . 
■tR — fehe — caoe — e^ — diopooing — the — diocharge — paooage — 3-9 — a^fe — both 
oideo — of the treads — the under tread 20 io preferably made — from 
a — rubber — compound — having — excellent — ozone — reoiotancc — becauoe 
fehe — under — tread — 3-9 — generally — ha^s — relatively — inferior — phyoical 
propertieo — and poor — ozone — reoiotancc — ae — compared vjith — fehe — &ap 
tread 10. 

The reason why the discharge passage 30 according to the 
present invention is made inclined as described above is 
because a load vertically transferred to the discharge passage 
30 is reduced unlike the prior vertical-type discharge passage, 
so that the separation between the cap tread 10 and the 
discharge passage 30^ which is caused by corner running and 
vertical load, is inhibited. According to experiments and 
experiences, an effective and substantial reduction in 
vertical load is obtained at an inclined angle of more than 
110°. 

Furthermore, the inclined discharge passage 30 has a 
larger ground contact surface than that of a discharge passage 
having a vertical ground contact surface. Thus, the lager the 
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inclined angle of the discharge passage 30^ the more excellent 
the static electricity discharge characteristic of the 
discharge passage 30, 

However^ if the inclined angle of the discharge passage 
30 is more than 130^^ the production of tires will be reduced. 
For this reason^ the inclined angle is preferably less than 
130^. 

FIGS. 2 to 4 show tire tread structures according to 
other embodiments of the present invention. In the tread 
structures shown in FIGS. 2 to 4^ one more discharge passage 
30 than that of the embodiment of FIG. 1 is formed^ so that 
frictional static electricity collected in the under tread is 
more efficiently discharged to the ground. 

Industrial Applicability 

As described above, the tire having the tread structure 
with improved electrostatic discharge properties according to 
the present invention has an advantage in that the tire can 
easily discharge frictional electricity generated in the tread 
structure to the outside of the tire, without decreasing 
physical properties of the tread structure, such as abrasion 
resistance, rotational resistance and brake force, in order to 
increase conductivity of the tread structure. 

Furthermore, — fehe — tire — — fetee — prcoont — invention — hete — a 
reduced coot — e^ — production, — oincc — fefee — under — tread — 2-5 — a^d — feive 
diochargc pQQoago — ^© — io made — of the — rubber — compound — containing 
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incxpcnQivo carbon black inotcad of cxponoivo oilioQ. 

Particularly^ the inclined discharge passage forming the 
tread structure according to the present invention is 



difficult 


to be separated from the cap tread by 


vertical load. 


and thus 


have a structural stability. Also, 


the inclined 


discharge 


passage has a larger ground contact 


surface than 


that of 


a vertical-type discharge passage. 


indicating an 


improved 


static electricity discharge function. 





While the present invention has been described with 
reference to the particular illustrative embodiments, it is 
not to be restricted by the embodiments but only by the 
appended claims. It is to be appreciated that those skilled in 
the art can change or modify the embodiments without departing 
from the scope and spirit of the present invention. 
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